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(eォ,, -K',,K + (eォ,2-R'.2Kvy + (E刑3-tf'.sK^
fell -*'.lKv,+ fe.2-*i2M + fe13-^,3)^,^
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(eォ2i-tf21)vyvx+ (eォ22-R22)v) + (e-R23-4)v者　V!V>
(eォ2. -R2i)vzv,+ (eR22-Rn)vzvv + (e^-R23)iv; + vzvy
-R3I -^3,)v,2+ (eR32-^32^^.v + (e,^33-*33> *Vz + v yニ










RuRn+R2)R22+ R3¥R32 - 0
RuRli+R21R23+ #3^33 - 0
亘2+/q2+/q2- 1　=O






<pl = <Pl蝣2^HeRll-2^21」R21-2^3IJR31 - 0
<p2 = <P2-Ki2eォn -R‖ -ォ12-R22eR21 -R21 -R21-*^32^ォ31 "3I^K32 -- "
93 = 93-^一声fill　*Ml^sI3-**23」S2I -**21^/?23-^33」f131 ^3IER33 - ^
<p4 = (p4 - 2R12ER12 - 2/?22efi22- 2Rn弓R32 = 0
<p5 = <P5 -#i3eォ.2-fli2e…　^23」ォ22 "22Ef123　^33」/?32　^32」ォ33 -- ^
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- prog, to test rotation matching
- coded by M. Oshima 2001.03.03
- last modification　2001.03.06 7
#include "rotmain.h"
struct dbflag dbflag= ll. 0. 0, 0|;
/'- usage rotmtst matdataソ
int






double tl, t2( t3, t4, t5. t6;






fpin - fopen( data name,"r" );
if( fpin==NULL |
printfC'Can t open %s.Abort!!¥n","data_name);
return NULL;
i
vpr - (struct vpr *)malloc(nofvlim * sizeoustruct vpr '));
i=0;
while((rlt - fscanf(fpin,
"%lf%lf%lf%lf %lf %lf", &tl. &t2. &t3, &t4, &t5, &t6)) != EOF)
I
(vpr + i)->vmx =tl;(vpr + i)->vmy = t2; (vpr+ i)->vmz = t3;
(vpr+ i)-)vox =t4; (vpr + i)-)voy = t5; (vpr + i)->voz =t6;
i++;
if i ) nofvlim)!

















- coded by M. Oshima 2001.03.04




matrx(double 'a, int m, int n)j
/. '….'‥…‥..'‥/
/' -matrx
to solve linear simultaneous equations by sweep out method
- original coding by Miyamoto with FORTRAN
- revised and ported toC by M. Oshima 7
extern struct dbflag dbflag;
intk, y, x, ymax;
double t, pvmax, pvll = 1.0e-9, *akx, 'aymx;
for(k=0; kくm; k++)| /* k: numberofthe pivot 7
/'- find the best row for the pivot '/
pvmax - 0.0;
ymax　=0;
for(y - k; yくm; y++)|




















t= 'akx; /*a[k】fX】 '/
aymx-a+ymax*n+x;
*akx = "aymx; /" a[kl[[x] = alymaxll[x1 °/
"ayrnx = t; /* a[ymax][x| 7
1
/* - end of pivotchange V
/'- sweepoutソ





/* - subtract for sweep out 7
for(y = 0;y < m; y++)|
if(y!=k)|
t='(a+y'n+k);/・a[y][k]7
for(x - k; x < n; x++)|
'(a十y*n+x)-=t‥(a+k'n+x);
l/・alyllxl a[y】lx】　-f akHxl 7
1
I/　yloopendV
if(dbflag.fl4 == 1 j
printf("¥n- k = %d ¥n", k);
for(y = 0;yくm;y++)|
for(x = 0; xくn; x+十)I
printf("%101f", '(a + y 'n十x));













extern struct dbflag dbflag;
double er[3][3】. a115I(16】;
double vm[3), vo|3], vmvm[3日3】, vmvo[3】(3】, vovo[3日1, t2, fic[6】
,erl = 1.0E-3,e,m[61,g;
物体認識のための法線群の照合　　　　　　　　　　　　　　　　　　　(135)
intl,y, x,nofc, k,try,trymax = 100;
for(y=0;y< 3;y++)|
for(x=0;x< 3;x++)|
vmvm[y][x] = 0.0; vmvo|y][x] = 0.0;
I
vmly] - vo[y】 - vovo[y】 = 0.0;
i
ford = 0; i < nofv; i++)|
for(y=0;y<3;y++)|
if(y ==0)|tl =(vpr+i)-)vmx;t2 =(vpr+i)-〉vox;
if(y == 1)|tl =(vpr+i)-〉vmy;t2 =(vpr+i)-)voy;
if(y == 2)|tl = (vpr + i)-)vmz; t2 -(vpr + i).-)voz;
vm[y] += tl; vo[y] += t2; vovo[y] +=t2 't2;
vmvmMIOI += tl '(vpr + i)・>vmx;
vmvmlyllll += tl *(vpr + i)->vmy;
vmvm[y]i2] += tl *(vpr + i)->vmz;
vmvoly】10) += tl * (vpr + i)-)vox;
vmvo[yl[ll += tl *(vpr+ i)-)voy;




rclOHl】 = rc[O】(2】 = rc[l][Ol= rc[l】[2】 = rc[2][0| = rc[2】[11 = 0.0;










dot /'--- itterative approximation of r "/
try++;
calcafvmvm, vmvo, re, fie, a);
matrx(&a[Oll01. 15, 16); /'‥--- solve simultaneous equations to find r '
k - 0; nofc -0; /* numberofconverge 7
for(y = 0;y < 3; y++)|
for(x-0;xく3;x++)i
er[y|[xl - a[k十+1(151:
rely |x] -= er[y][x];
(136)　　　　　　　　　　　　　　　　　　　　　　　　　　　大島正毅





printfC'try, nofc, er, re = %d %d¥n",tl・y, nofc);
forflc = 0;kく2; k++)|
for(y -0;yく3;y++)|
for(x-0:xく3;x+十)I
if(k == 0) printf("%101f",er[yItX】);





for(y = 0; y< 3; y++)|
e +- rc[y】(01 'vmvm[O][O】 + rc[y】|1] * vmvm[l】ll】
+ rc[y][21・vmvm[2][2I + vovo[y】
+ 2・( rc[y】[01 'rc[y】11] *vm10】 'vmlll
+ rc[y][O】 'rc[y][2】 'vm[Ol 'vm[2】
-ォーrclyllll * rc[y]12] 'vmil] * vm[2] )





















calfic( double r川3】, double *fic)|
/…　…‥`'…日日'/
ficIO] = r[O】(0】 'r[0][0】 + rf川OI・r[l][O】 + r[2|[0】` r12日0「 1.0;
fic11】 = r|0]|0】・r[0】fl】 + r[l][O】 - r{l][l] + r[2][0]'r[2][ll
fid2】 = r[0][01・r[0】[2】十rl1】(0】・r[l】F2】 + r[2日0】'r[2日2】
物体認識のための法線群の照合　　　　　　　　　　　　　　　　　　　(137)
fic|3】=rIOHll l0】Ul+r[11田・r|llm+r[2】tl】・r[2】[11- 1.0;
fic[41 = r[O][ll 'r[0][2]+ r[l][l] 'r[l][2] + r[2][l]・r[2][2]
fic[5] = r[0](2) * r|0][2] + r[l][2]・r[l][2] + r[2]{2]・r[2][2] - 1.0;
ifCdbflag.f!4 == 1)1








for(y = 0;y< 15;y++)|











al Oil 9]= 2.0 'rcIO】[01; a1 0】(10】 = rcIOill1; al 0】[11】 = rcl0】[2】;
a[ 11110] = rc[O][O];a| 1】[12]= 2.0 'rc[0】[1】: a[ 1][13】 = rc[O】[21;
a[ 2][11] = rc[O][O]; a[ 2日13】 = rcl01lll; a[ 2][14)= 2.0 'rclO】[21;
a[ 3][ 9】 = 2.0 * rcUHO】;a[ 3】[101= rc|l][l】; a[ 3|[111= rc[ll|21;
al 4】[10] = rc[l][01; a[ 4】112)= 2.0 'rc[l][l】: a[ 4】[13】 = rc[ll[21:
a1 51111】 = rc(l】[0】; a[ 5】[13】 = rc[l)[l】; a[ 5](14】= 2.0 'rcll】12】;
al 6】E 9】 = 2.0 'rc[2][0】;a[ 6|[10】 = rc[2】[ll; a[ 6|[lll = rc[2|[2|;
a[ 71(101= rc[21[01;a[ 7][12] = 2.0 'rc[2][l|;a[ 7][131= rc[21(2];
ar 81[ll| = rc[21[01; a[ 81(13] = rc[21[ll; a[ 81(14) = 2.0 * rc[2J[2J;
aE9】10]= 2.0'rc[OIIOl:a[ 9】[3】=2.0're[mo】:a19】 6]=2.0'rc|2
110];
allOJI O] = rcIO】ill; allOH l】= rcIOHO];allO】[ 3】= rcIDIU;
a[10】[ 4] = rcll】101; a[10】[ 61 = rc[2][l]; a[101( 7】 = rc[2】[01;
arl川0】 = rcl0112I; a[ll][ 2] = rc[OllO):alllJ[ 3I= rc[l]|2】;
a[ll】( 5】 = rc[l][0]; a[lll[ 6】 = rc[21121: alll】 81= rc|2日01;
a|12|[ II- 2.0 * rcfO)|l|:a[1211 4|- 2.0 * rcUHII; a1121[ 71- 2.0 'rc[2
1111;
a[13】( 1】 - rc[0日2】; a[13][ 2】= rc[O】Ul:a[13|1 41= rc[llf2】;
a[131 51 = rc[lJill; a[13|( 71 = rc[2J[2); a[13J[ 81 = rc[2】[11:
a[14)[ 21=2.0'rc[0](21:a|14][ 5]=2.0'rc[l|[2];a[14|[8|= 2.0*rc[2
1121;
aE O】[15] = rcIO]|0】 " vmvm[O】fO】 + rc[O】|1) " vmvm[O】llJ
(138)　　　　　　　　　　　　　　　　　　　　　　　　　　　大島正毅
+ rc[0][21 * vmvm[0][2] - vmvolOllOI;
al 1】(15】 = rc[O]|O]'vmvmll]IO】 + rc[OIll】 vmvml1】fl】
+ rc[0][2] 'vmvm[l][21 - vmvo[l][0];
a[ 2][15] = rc[O]|O] 'vmvm[2][0] + rc[O][l| 'vmvm|2][l]
+ rc[O】12】・vmvm[2][2】 - vmvo[2|[0】;
a[ 3][15]= rc[l][01 vmvm10】[0] + rem[1] 'vmvral07m
+ rclllIZ] * vmvm[0]|2) - vmvolOlll];
al 4】[151 = rcIUfO]'vmvmllHO】 + rc[l】II]・vmvm[l]|l|
+ rc[l][2] 'vmvm[l][2] - vmvo[l][l];
al 51115] = rcllHOl*vmvm|2][0] + rc[l][l)'vmvm|2][l]
+ rc[l|[21 'vmvm[2]|2| - vmvo[2][l];
a[ 6】(15】 = rc[2|[0】 'vmvm|O】[0] + rc[21[1】 'vmvmlO】u】
+ rc[2】(2I * vmvmlO】(2「 vmvolO】121;
al 7】[151 = re12】101* vmvmll】LO】 + rc[2J[l】'vmvmll】El】
+ rc[2】L2】 * vmvm[l】(2「 vmvo[l][2];
a[81115】 = rc[2】10]'vmvm|21[0】十rc[2|[l】 vmvml2日11
+ rc[2|[2] 'vmvm|2】|2| - vmvo[2日21;
for(y - 0; yく6; y++)|




/. - rotmain.h verl.O */



























/'extern struct rasterfile raster;"/
共通ヘッダファイル　rot.h (titanfoshima/Research_pro/rotation)
/'-- rot.h verl.Oソ
















/*・-- vector pair for rotation matching 7




matrx(double *a, int m, int n);
double
rotmat(struct vpr *vpr, int nofv, double[|[3|);
double'
calfic( double r川3】, double *fic);
double*











#options = -lXaw -lXmu -lXt -lXext -1X11 -lXwchar -lm -lsocket -lnsl
S(file) : S(file).o rot.O
S(CC) S(CFLAGS) -O S(file) S(file).o roto S(options)
S(file).o : S(file).c rotmain.h
S(CC) S(CFLAGS) -c S(file).c
rot.o : rot.c rot.h rotsub.h
S(CC) S(CPPFLAGS) S(CFLAGS) -c rot.c
/　-- mkrotdt.c
-　prog, to make rotation matrix data
- coded by M. Oshima 2001.03.18
- last modificatioi1 2001.03.18 7
#includeくstdio.h〉
#includeくmath.h)
/* --- usage mkrotdt roti thdt roto V
int
main(int argc, char *argv[])|
char data rotillOO], data_thdt[100], data_roto[100|;
FILE 'fpri, 'fpth, 'fpro;
int rlt, l, x, y, axis;
double ri[3][3], ro[31[3], r[3][3], th;








fpri = fopen( data_roti,"r" );
fpth = fopen( data_thdt,"r" );
fpro = fopen( data_roto, w');





forty = 0; y < 3; y++)|
fscanf(fpri,"%lf %lf %lf",&ri|y][O], &ri(y][ll, &ri[y][2]);
I
printfC ri ¥n" ;







while((rlt = fscanf(fpth, "%d %lf",&axis, &th)) != EOF)i
switch (axis)l
case 0: /* rotate around x axis "/
r[0][0] =　1.0; r[0][l] =　　0.0; r[0|[2] =　　0.0;
rflllO] =　　O.O; rlllll] =　cos(th); r[l][2] = -sin(th);
0.0; r[2】11] =　sin(th); r121I2】 =　cos(th);
break;
case 1: /* rotate around y axis V
rtOll01 =　cos(th): rtOltll 0.0; r[0][21 =　sin(th);
rl1】LO】　　0.0; r[ll[ll =　1.0; r[l][2】 = 0.0;
r[2][01 = -sin(th); r[2][l] =　　0.0; r[2][2] =　cos(th);
break;
case 2: /* rotate around z axisソ
HOHO】 =　cos(th); r10】[1】 = -sih(th); r[0][2] = 0.0;
r111101 =　sin(th); r[l】m =　cos(th); r[l][2] = 0.0;




for(y = 0;yく3; y++)I
for(x= 0; x < 3; x++)i
ro|yllx)




if( i > nofvlim)!








printfl ro ¥n" ;
forty = 0; y < 3; y++)|







- prog. to make rotation matrix data




/*一-- usage mkrotdt roti thdt roto 7
int
mainunt argc, char *argv[】)1
char data rotillOO】. data thdtl100], data roto[100】;
FILE 'fpri, *fpth, 'fpro;
int rlt, 1, x, y, axis;
double ri[3)[31, ro[3][3], r[31[3]. th;








fpn = fopen( data_roti, r );
fpth = fopen( data_thdt, r" );
fpro = fopen( data_roto, 'w" );





fscanf(fpri,"%lf %lf %lf",&rily][O], &ri|y)|l], &ri[y][2|);
I
printf("-- ri ¥n");








while((rlt = fscanf(fpth, "%d %lf",&axis, &th)) != EOF)!
switch (axis)]
case 0: /'rotate around x axis */
r[0)[01 =　1.0; r[0)[l】　　0.0; r[0日21　　0.0;
r11110】　　0.0; r11日l】 =　cos(th); r[lI(2I = -sin(th);
0.0; r|2][l] =　sin(th); r[2][2] =　cos(th);
break;
case 1: / rotatearound yaxisソ
r10】10】 =　cos(th); r[01 1】　　0.0: rfO】[2】 =　sin(th);
rllllO】　　0.0; r[lIt1】　1.0; r田(2】 = 0.0;
r[2][0] = -sin(th); r[2][l] =　　0.0; r[2||2] =　cos(th);
break;
case 2: /'rotate around z axis 7
rlOUOl =　cos(th); r(OHH = -sin(th); r(01(21 = 0.0;
r|l][O] =　sin(th); r[l][l] =　cos(th); r[l|[2| = 0.0;











if i ) nofvlim)i








printil"--- ro ¥n" :



















- prog, to make data for rotation matching
- coded by M. Oshima 2001.03.18
last modification　2001.03.18 7
/* --- usage mkmtdata rot mati mato 7
#includeくstdio.h〉
mほ
main(int argc, char 'argv[川
char data_rot[100], data_namei1100I, data_nameo1100】:
FILE 'fpr, *fpi, fpo;
int rlt, l, x, y;
double xi, yi, zi, xo, yo, zo;
struct vpr vpr;
double r[3】[3】;








fpr - fopen( data_rot ,"r" );
fpi - fopen( data namei.V
fpo - fopen( data_nameo, w




for(y -0; yく3; y十十)I
















printf("xi, yi, zi, xo, yo, zo = %101f%101f%101f%101f%101f %101f¥n ,xi,
yi, zi, xo, yo, zo);
i++;
if( i > nofvlim)!
printff supposed size of vector pair is over!¥n");
return NULL;
I





















































































0.000014　0.000001 -0.000002　0.000001 -0.000001 0.000001
a- 19.024256











.000000 - .000000 ・0.000000
e = -50.540854
m=
0.000000　0.000000　0.000000　0.000000 -0.000000 -0.000000
g= 25.270427
-　The answer
0.866025 -0.500001 -0.000000
0.500001 0.866025　0.000000
0.000000 -0.000000 1.000000
(期待される通りの結果
0.866025　-0.500001　0.000000
0.500001　0.866025　0.000000
0.000000　0.000000　1.000000
が得られている)
以上
